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Abstract
Objective: To develop a dish composition database (DCD) and assess its ability to
estimate dietary intake.
Design: The DCD was developed based on 16 d dietary records (DR). We aggre-
gated all reported dishes into 128 dish codes and calculated mean food group and
nutrient contents for each code. These data were used to calculate dietary intake in
a different population that completed a 4 d DR. The estimated values were com-
paredwith those estimated using the standard food composition database (FCD) of
Japan.
Setting: Japan.
Participants: A total 252 adults aged 31–81 years for the 16 d DR (3941 d in total)
and 392 adults aged 20–69 years for the 4 d DR (1568 d in total) participated.
Results: Therewere significant differences inmedian intakes between theDCD and
the FCD for eighteen and twenty (of twenty-six) food groups and for twenty-nine
and twenty-two (of forty-three) nutrients (including energy) in men and women,
respectively. For food group intakes, Spearman correlation coefficients between
the DCD and FCD ranged from 0·19 (animal fats) to 0·90 (fruits and alcoholic bev-
erages) in men (median: 0·61) and from 0·25 (oils) to 0·89 (noodles) in women
(median: 0·58). For nutrient intakes, the corresponding values ranged from 0·25
(retinol) to 0·90 (alcohol) in men (median: 0·60) and from 0·15 (retinol) to 0·74
(alcohol) in women (median: 0·53).
Conclusions: Whereas it is difficult to accurately estimate absolute dietary intake
values using the present DCD, it has acceptable ability to rank the intakes of many
food groups and nutrients.
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The dietary record (DR), which widely used in dietary sur-
veys, requires participants to record all foods and beverages
they have consumed in a specified period(1,2). Although the
DR has many advantages, recording all food items is time-
consuming and requires a high level of motivation on the part
of participants(1–3). Moreover, foods are not typically eaten as
single foods but as composite dishes prepared or cooked
together with other foods(4–7). Hence, it is difficult to accu-
rately describe the types and amounts of all single food ingre-
dients in mixed dishes, especially for people who are not
involved in cooking(5,8). Consequently, albeit dish names
are provided in a DR, the type or amount of each ingredient

is not always captured, particularly for cooked foods or
seasonings(8).

To estimate dietary intake from mixed dishes, standard
recipe databases are often used in national dietary
surveys(8–15). Several countries have also made continuous
efforts to develop and harmonize food composition data-
bases, including nutrient composition of mixed dishes,
for epidemiological studies(4,16–25). These databases of
recipes or dish composition are essential to estimate dietary
intake from mixed dishes in each country, and they
have been used to support food-based dietary assessment
methods, such as DR or dietary recall. In addition,
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dish-based FFQ have been developed recently in countries
such as South Korea(26–29), Bangladesh(30), Iran(31) and
Sweden(6,32). Validation studies of dish-based FFQ against
DR(28–30,32) and doubly labelled water(6) have shown
adequate ranking abilities for intakes of most foods and
nutrients. However, to our knowledge, there have
been a limited number of studies assessing the validity of
dietary intake estimated based on information collected
about individual dishes(6,28–30,32).

Because cooking methods and the composition of
dishes are different among countries, a dish composition
database (DCD) should be developed in each country.
In particular, Japanese dishes are prepared from various
ingredients using different approaches and these are mixed
with many seasonings(1,3,33–35), thus making it complicated
to estimate ingredients prior to cooking(8,33,34). Although
there is some information on dish composition in the
Standard Table of Food Composition of Japan(36), the num-
ber of dishes is limited. To date, several previous studies
have developed a DCD(34,35,37,38) or have assessed the val-
idity of a DCD(3,8,34,35,37,39,40). Most of these studies tried to
establish dish-based dietary assessment methods based on
the idea that use of a DCD can reduce the burden on par-
ticipants and staff in a dietary survey by omitting or stand-
ardizing the process of disaggregation of dishes into food
items(3,34,35,37,39,40). However, the validity of such DCD
has not been assessed(38), or this has been assessed only
in groups consisting of mostly women(3,34,35,37,39) or for only
a limited number of dish items among elderly adults(8); also,
the sample sizes of all of these studies were small.
Moreover, the validity was assessed by comparing a DR
and a list of dish names recorded by participants on the
same day as recording in the DR(3,35,37,39). Because it is pos-
sible that participants recorded more accurate information
about dishes that they consumed, as compared with the
case that they did not maintain the DR, the validity of the
DCD might be overestimated in these previous studies.
Furthermore, the validated databases were developed

based on a 1 dDR or a 3 dDR conducted during one season
among participants in certain prefectures(34,35,37). Given
that dietary intake varies depending on the season(41–43)

and region(7,40,44), these databases may not contain com-
prehensive information on dishes in Japan.

Hence, we developed a DCD based on data from 16 d
weighed DR obtained from Japanese men and women. To
assess the ability of the DCD to estimate dietary intake based
on dish names, food group and nutrient intakes were calcu-
lated from a 4 d DR conducted in a different population using
the DCD and the estimated values were comparedwith those
estimated using the standard food composition database
(FCD) of Japan(36). Moreover, to determine whether informa-
tion on the portion size (PS) of dishes is necessary for dietary
assessment using the DCD, we assessed the consequences of
using reported PS of dishes instead of standard PS in the DCD
on estimated intakes. We expected that a DCD would be
helpful not only in supporting food-based DR, but also in
developing dish-based dietary assessment methods in future.

Methods

The study consisted of the two phases. First, we developed
theDCDusing dietary data obtained from a 16 dDR. Second,
the ability of theDCD to estimate dietary intakewas assessed
using a 4 dDRobtained from a different population, by com-
paring food group and nutrient intakes estimated using the
DCD with those estimated using the FCD (Fig. 1).

Development of the dish composition database

Data source
The DCD was developed based on dietary information
derived from a 16 d DR survey administered between
November 2002 and September 2003 in four areas of
Japan, namely Osaka (urban), Okinawa (urban island),
Nagano (rural inland) and Tottori (rural costal). Details of
the survey have been described elsewhere(45–47). Briefly,

16 d DR (n 252) 4 d DR (n 392)

DCD

Food group and 
nutrient intake
estimated by 

DCD

Phase 1. Development of the DCD

Development

Phase 2. Simulated validation of the DCD

Comparison
Food group and
nutrient intake 
estimated by 

FCD

FCD

Fig. 1 Study framework (DCD, dish composition database; DR, dietary record; FCD, food composition database)
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apparently healthy women (n 126) aged 31–69 years and
their cohabitating spouses (n 126) completed a four non-
consecutive-day weighed DR (three weekdays and one
weekend day) during each of four seasons. Women were
recruited such that each 10-year age class (30–39, 40–49,
50–59 and 60–69 years) contained eight women (without
consideration of age of men). None of them was a dietitian
or had received dietary therapy by a doctor or dietitian, and
there was no case of history of educational admission for
diabetes mellitus. The participants were asked to record
and weigh all beverages and foods consumed on each
recording day. Registered dietitians explained to partici-
pants how to complete the DR using both written and
verbal instructions, and they provided recording sheets
and a digital scale. Recording sheets were checked by
trained registered dietitians in the respective local centre
and then again in the study centre. The records were coded
by trained dietitians at the study centre in accordance with
uniform procedures using the FCD(36).

Generation process of the dish composition database
A total of 3941 d of DRwere obtained from the participants.
In the present study, ‘dishes’ were defined as all those
recorded in the column ‘dish name’ in the DR by partici-
pants, even if the dish consisted of only one food item
(i.e. milk or apple consumed alone was regarded as a dish).
As a result, a total of 71 213 dishes appeared in the 16 d DR
(Fig. 2). Dishes with identical names were combined,
resulting in 2409 dish names. The mean food group and
nutrient contents of dishes were calculated for each dish

name using the FCD(36). Food groups were based mainly
on the FCD and the similarity of nutrient composition or
culinary use of foods (see online supplementary material,
Supplemental Table 1). Dishes were aggregated into dish
groups based on degree of similarity of the dish
name(8,26,34), main ingredient (food group with the largest
proportion in all ingredients in a dish)(7,26,27,34,37,48), cook-
ing method (raw, mixed, boiled, steamed, stewed, grilled,
stir-fried and deep-fried)(5,26,34,37,44,49), and energy and
nutrient contents per portion (protein, fat and carbohy-
drate)(5,26,48). Dishes with low frequencies of consumption
were integrated with those having high occurrence
frequencies (≥20 times) when possible. Dishes that could
not be classified into a specific dish group due to a lack of
the information necessary for classification were catego-
rized as dish groups about which details are unknown.
For example, grilled fish dishes were categorized based
on the type of fish; however, if the type of fish was not writ-
ten in the dish name, it was categorized as ‘grilled fish
(details unknown)’. This process yielded 383 dish groups.

We then reviewed the classification of dishes, as follows.
First, the mean food group and nutrient contents of each
dish group were calculated. Next, food groups accounting
for 5 % or more of the total weight of each dish group were
identified. If there were any unusual ingredients or exces-
sively high or low nutrient contents for a dish group, we
reviewed dishes classified in that dish group and reclassi-
fied them if necessary. Furthermore, some dish groups that
could be further combined based on their similarity with
other groups were aggregated. After this process, all dishes
were categorized into a total of 371 dish groups.

Each dish group was given a dish name and dish code
(i.e. minor code). To assess the ability of theDCD to estimate
dietary intake according to the aggregation level of dishes,
the 371 types of dishes were further aggregated based on
their similarities, and each dish was assigned another dish
code (major code). For instance, theminor codes ‘potato cro-
quette’ and ‘cream croquette’were aggregated into themajor
code ‘croquette’ (see online supplementary material,
Supplemental Table 2). This process yielded 128 major
codes. We calculated the mean of weight, food group and
nutrient content of individual dishes assigned to each coded
dish for theminor andmajor codes in theDCD (Fig. 3). In the
DCD, themean ofweight of dishes categorized into the same
dish code was regarded as a standard PS of that dish. For
example, for a major code ‘hamburger’, we obtained fifty-
one recipes from the DR. Therefore, the standard PS of a
major code ‘hamburger’ in the DCD was calculated as the
mean of weight of these fifty-one hamburgers.

Simulated validation of the dish composition
database

Data source
The simulated validation of the DCD was assessed using
dietary intake information derived from a 4 dDR conducted

Dishes with identical names were combined

Mean content of food groups and nutrients was
calculated for each dish name

A total of 71 213 dishes appeared in the dietary records

Dishes were aggregated into dish groups based on:
Degree of similarity of dish name
Main ingredient (food group with the largest proportion)
Cooking method (raw, mixed, boiled, etc.)
Energy and nutrient content per portion
Frequency of consumption (≥20 times)

A total of 2409 dish names were identified

A total of 383 kinds of dish groups were obtained

A total of 371 dish groups (minor codes)

Review of the classification

A total of 128 dish groups (major codes)

Further aggregation of dish groups

A total of 3941 d of dietary records were obtained from 252 adults

Fig. 2 Flowchart for the aggregation process of dishes from the
16 d dietary record conducted among 252 Japanese adults
between 2002 and 2003
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in February and March 2013 in twenty study areas consist-
ing of twenty-three prefectures (including Osaka and
Okinawa but not Nagano or Tottori). Details of the survey
have been described elsewhere(50). Briefly, the study tar-
geted apparently healthy men and women aged 20–69
years working in welfare facilities in each area. Each of
the twenty areas included four apparently healthy adults
(two men and two women) from each of five 10-year
age groups. One individual per household was permitted
to participate in the survey. None of the participants was
a dietitian, had received dietary therapy by a doctor or dieti-
tian, or had history of educational admission for diabetes
mellitus. In total, 196 men and 196 women completed a
weighed DR for four non-consecutive days (three working
days and one non-working day). The participants were
asked to record all foods and drinks they consumed on
each recording day. Research dietitians explained how to
record foods and drinks and asked participants to weigh
them with a provided digital scale or measuring spoon
and cup. The main recorded items on the DR sheets were
dish names, names of foods (including beverages and any
ingredients in dishes), and approximate amounts or

measured weights of foods and dishes consumed.
Recording sheets were checked by research dietitians
and two other research dietitians at the central office of
the study.

Assignment of food codes to foods in the 4 d dietary
records using the food composition database
A total of 1568 d of the DR were obtained from participants.
The coding of records using the FCD(36) was performed by
the two research dietitians at the study centre in accordance
with uniform procedures. Each item recorded in the column
of names of foods (91 045 items)was assigned a food code in
the FCD. The FCD has a total of 1878 food codes, whereas
only sixteen items (0·9%) of those are prepared foods such
as frozen croquettes. Hence, almost all recorded items were
coded by a food code consisting of single food items.

Assignment of dish codes to dishes in the 4 d dietary
records using the dish composition database
The coding of the DR using the DCD was performed by a
registered dietitian not involved in the coding using the
FCD. Each item appearing in the column of dish names

No. 1 No. 2 No. 3 … No. 51
Food group (g) Food group (g)
Rice 0·0 0·0 0·0 … 0·0 Rice 0·0
Noodles 0·0 0·0 0·0 … 0·0 Noodles 0·0
Bread 30·6 60·0 60·0 … 30·8 Bread 55·7
Other grain products 2·5 7·8 5·3 … 2·6 Other grain products 4·9
Nuts 0·0 0·0 0·0 … 0·0 Nuts 0·0
Pulses 0·0 0·0 0·0 … 0·0 Pulses 0·0
Potatoes 0·0 0·0 0·0 … 0·0 Potatoes 1·4
Sugar 0·0 0·0 0·0 … 0·0 Sugar 0·1
Confectioneries 0·0 0·0 0·0 … 0·0 Confectioneries 2·9
Fats 0·0 0·0 0·0 … 0·0 Fats 0·0
Oils 2·5 12·6 15·6 … 2·6 Oils 6·9
Fruits 0·0 0·0 0·0 … 0·0 Fruits 0·0
Green and yellow vegetables 12·7 0·0 0·0 … 12·8 Green and yellow vegetables 17·3
Other vegetables 2·5 0·0 0·0 … 2·6 Other vegetables 3·9
Pickled vegetables 15·3 10·0 10·0 … 15·4 Pickled vegetables 24·4
Mushrooms 0·0 0·0 0·0 … 0·0 Mushrooms 0·0
Seaweeds 0·0 0·0 0·0 … 0·0 Seaweeds 0·0
Fruit and vegetable juice 0·0 0·0 0·0 … 0·0 Fruit and vegetable juice 0·0
Seasonings and spices 5·4 12·4 6·9 … 5·4 Seasonings and spices 9·3
Alcoholic beverages 0·0 0·0 0·0 … 0·0 Alcoholic beverages 0·0
Tea and coffee 0·0 0·0 0·0 … 0·0 Tea and coffee 0·0
Soft drinks 0·0 0·0 0·0 … 0·0 Soft drinks 0·0
Fish and shellfish 0·0 0·0 0·0 … 0·0 Fish and shellfish 3·3
Meats 35·7 70·3 56·6 … 36·0 Meats 56·9
Eggs 4·1 3·9 2·7 … 4·1 Eggs 7·7
Dairy products 7·6 0·0 0·0 … 7·7 Dairy products 7·0
Total amount (portion size) 119·0 177·0 157·0 … 120·0 Total amount (standard portion size) 201·7

Nutrient Nutrient
Protein (g) 12·3 20·2 17·3 … 12·4 Protein (g) 20·8
Fat (g) 11·7 28·4 22·9 … 11·8 Fat (g) 19·1
Carbohydrate (g) 20·7 39·1 35·4 … 20·9 Carbohydrate (g) 40·5
Total dietary fibre (g) 1·2 1·7 1·5 … 1·2 Total dietary fibre (g) 2·3
Na (mg) 456 791 724 … 459 Na (mg) 729

The food group and nutrient content of fifty-one hamburgers
reported by each participant

The food group and nutrient content of a
‘hamburger’ in the dish composition database

The amount of each food
group and nutrient of all

hamburgers was
averaged

Fig. 3 Example of calculation process of the standard portion size and food group and nutrient contents in the dish composition
database, with ‘hamburger’ as an example of a major code
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in the 4 d DR (26 642 dishes consisting of 9727 dish names)
was categorized using a minor code in the DCD, based on
its name(35). If there was any special supplementary infor-
mation on a dish (e.g. name of the brand or manufacturer),
it was also used for categorizing the dish. If there was no
corresponding dish name in the DCD, we assigned a code
of a dish that was similar in its ingredients, type of dish or
cookingmethod included in the dish name. Amajor code in
the DCD was also assigned to each dish based on its cor-
responding minor code.

Statistical analysis
Age, BMI and energy intake were compared between
participants completing the 16 d and 4 d DR, using a two-
sample t test. Daily intakes of food groups, energy and
nutrients were calculated using the FCD as well as using
both the major and minor codes of the DCD. The food
groups used in the analysis were the same as those used
in development of the DCD. In the calculation of dietary
intake using the DCD, the amount consumed of a dish
was replaced by the standard PS according to major or
minor code in the DCD. To investigate the effect of using
the PS of dishes reported by participants instead of the stan-
dard PS in estimating dietary intake, dietary intakes from
the DCD adjusted by the reported PS of each dish in the
DR were also computed. The values were calculated as fol-
lows: estimated food group or nutrient intake from a dish
adjusted by reported PS = food group or nutrient content
in the dish in the DCD (g) × reported PS of the dish in
the DR (g)/standard PS of the dish in the DCD (g).

We performed simulated validation of food group and
nutrient intakes estimated by the DCD, in comparison with
those estimated by the FCD. The ability of the DCD to esti-
mate median intake was evaluated using the Wilcoxon
signed-rank test and ranking ability was evaluated using
Spearman correlation coefficients. For food groups, energy
and macronutrients, a Bland–Altman plot was used to

assess the agreement for estimated values between the
DCD and the FCD(51). Additionally, we examined
differences in the ability to estimate and rank dietary
intakes between the methods using major codes and minor
codes, and standard PS and reported PS. The ability to esti-
mate median dietary intake was assessed by comparing the
median percentage differences in median intake for each
food group or nutrient estimated by the DCD from that esti-
mated by the FCD, using the Wilcoxon signed-rank test.
The median correlation coefficients were also compared
using the Wilcoxon signed-rank test. Although the DCD
was developed without regard for sex, statistical analyses
were conducted for men and women separately, using
the statistical software package SAS version 9.4. We ana-
lysed dietary intakes using both crude values (amount
per day) and energy-adjusted values based on the density
method (percentage of energy for energy-providing
nutrients and amount per 4184 kJ energy for food groups
and other nutrients). Because similar associations with
the FCD were observed for both calculations, only results
for crude values are presented. Two-sided P< 0·05 was
considered statistically significant.

Results

Table 1 shows basic characteristics of the participants com-
pleting the 16 d DR used for developing the DCD and of
participants completing the 4 d DR used for assessing the
simulated validation. Mean age was higher in participants
completing the 16 d DR than in those completing the 4 d
DR in both sexes. Mean BMI and energy intake were not
different in either sex.

Table 2 shows food group intakes estimated based on
major codes of the DCD and those estimated based on
the FCD. For median intakes of twenty-six food groups,
the number of food groups that differed significantly

Table 1 Basic characteristics of the participants in each study

Development of the DCD Simulated validation of the DCD

Men (n 126) Women (n 126) Men (n 196) Women (n 196)

Variable Mean SD Mean SD Mean SD Mean SD

Age (years) 52·4 12·3 49·5 11·5 44·7* 13·3 44·4* 13·5
Body height (cm)† 167·4 6·5 154·8 6·2 170·3* 5·4 157·6* 5·7
Body weight (kg)‡ 66·3 10·4 53·5 7·1 69·6* 11·3 56·1* 10·0
BMI (kg/m2)§ 23·6 2·9 22·3 2·8 24·0 3·5 22·6 3·7
Energy intake (kJ/d)║ 9874 1774 7703 1222 9870 2021 7904 1510

DCD, dish composition database.
*P < 0·05 compared with the corresponding value for each sex of participants completing the dietary records (DR) used for development of the DCD (two-sample t test).
†Measured without shoes to the nearest 0·1 cm. n 123 for each sex due to missing values.
‡Measured in light clothing to the nearest 0·1 kg. n 123 for men and n 122 for women due to missing values.
§Calculated by dividing body weight (kilograms) by the square of body height (metres). n 123 for men and n 122 for women due to missing values.
║Calculated from 16 d DR for development of the DCD and 4 d DR for simulated validation of the DCD, both using the Standard Table of Food Composition in Japan(36).
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Table 2 Comparison of food group intakes estimated based on the food composition database (FCD) and those estimated based on the dish composition database (DCD), with use of standard
portion size data or reported portion size data

Men (n 196) Women (n 196)

DCD† DCD†

FCD‡ Standard portion size§ Reported portion size║ FCD‡ Standard portion size§ Reported portion size║

Food group (g/d) Median P25 P75 Median P25 P75 P¶ Median P25 P75 P¶ Median P25 P75 Median P25 P75 P¶ Median P25 P75 P¶

Rice 390·6 290·0 480·6 320·0 253·7 380·1 <0·0001 393·6 294·8 480·1 0·002 262·3 196·6 327·5 298·9 242·3 368·7 <0·0001 284·9 202·6 338·6 <0·0001
Noodles 81·6 41·6 125·9 80·9 47·7 115·6 0·007 95·4 46·0 162·9 <0·0001 50·0 12·5 87·8 55·3 28·6 97·8 0·0001 66·7 14·0 111·3 <0·0001
Bread 30·0 12·1 62·0 31·3 14·2 55·6 0·69 32·7 11·7 58·0 0·49 36·9 16·5 57·8 36·9 16·0 57·6 0·66 33·5 13·1 54·6 0·0002
Other grain products 9·9 5·4 22·8 10·8 6·8 18·1 0·76 11·6 7·4 19·0 0·41 8·3 3·0 17·7 9·6 6·2 17·1 0·06 8·6 5·5 14·4 0·60
Nuts 1·0 0·1 2·6 1·9 1·3 2·8 0·0005 2·2 1·5 3·1 <0·0001 1·0 0·3 3·9 2·3 1·6 3·1 0·005 2·3 1·7 3·2 0·002
Pulses 56·8 28·6 89·4 52·9 35·9 79·1 0·85 60·7 36·1 83·6 0·002 51·4 28·2 84·7 60·5 37·6 80·6 0·03 59·2 35·6 84·9 0·005
Potatoes 39·9 17·6 62·9 43·3 28·5 61·7 0·02 47·0 29·4 64·5 <0·0001 29·1 16·3 50·3 39·7 26·4 55·0 0·0003 36·0 25·1 50·3 <0·0001
Sugar 11·8 5·9 17·5 9·0 6·6 11·6 <0·0001 10·4 7·6 13·3 0·003 12·8 7·1 19·3 10·4 8·2 12·7 <0·0001 10·8 8·2 13·7 0·0001
Confectioneries 27·9 4·4 55·3 32·6 13·1 55·2 0·01 37·5 11·0 58·5 <0·0001 39·7 18·6 64·4 55·4 34·2 74·1 <0·0001 54·0 31·0 78·0 <0·0001
Animal fats 1·0 0·0 2·6 1·3 0·8 1·9 0·79 1·4 0·9 2·1 0·51 1·1 0·0 3·1 1·3 0·9 2·0 0·15 1·3 0·8 1·9 0·13
Oils 19·6 12·3 27·8 17·5 13·5 23·1 0·01 20·2 15·2 25·1 0·68 15·8 10·2 21·8 15·5 12·3 19·1 0·87 15·8 12·2 20·1 0·88
Fruits 27·6 4·6 73·3 42·2 9·8 97·1 <0·0001 33·0 9·3 75·0 <0·0001 46·0 16·3 101·4 57·8 28·2 106·5 <0·0001 46·9 19·9 99·5 0·007
Green and yellow

vegetables
69·1 39·8 100·6 83·6 66·9 109·1 <0·0001 92·0 72·0 116·3 <0·0001 72·6 40·5 104·5 89·4 69·2 112·0 <0·0001 90·1 68·9 110·9 <0·0001

Other vegetables 147·1 100·5 188·4 137·8 109·6 174·1 0·12 154·0 119·9 190·7 0·02 137·8 99·3 185·6 136·5 109·3 166·0 0·46 139·4 110·9 179·8 0·96
Pickled vegetables 18·0 0·9 46·1 7·0 2·4 13·9 <0·0001 5·5 2·3 12·2 <0·0001 15·0 0·0 32·5 5·8 2·2 11·9 <0·0001 4·6 2·0 10·6 <0·0001
Mushrooms 10·0 3·4 20·9 10·9 7·8 14·0 0·18 11·7 8·8 15·7 0·90 10·8 4·9 22·6 10·2 7·7 13·6 0·002 9·7 7·5 14·6 0·002
Seaweeds 4·5 1·5 11·3 9·9 7·4 14·4 <0·0001 10·3 7·6 14·9 <0·0001 4·4 1·5 13·0 10·6 7·7 15·0 <0·0001 10·3 7·4 14·0 <0·0001
Fruit and vegetable juice 0·0 0·0 12·5 0·8 0·4 32·6 <0·0001 0·8 0·4 20·7 0·054 0·0 0·0 28·4 1·4 0·4 35·3 <0·0001 1·4 0·4 35·7 0·002
Seasonings and spices 90·9 54·3 153·4 149·4 103·6 181·8 <0·0001 162·4 111·5 211·5 <0·0001 77·2 39·2 128·9 138·1 105·4 172·9 <0·0001 138·5 112·5 174·2 <0·0001
Alcoholic beverages 43·7 4·8 357·2 54·8 2·7 241·2 <0·0001 36·9 3·1 312·0 <0·0001 6·4 2·6 36·9 3·5 2·2 30·8 0·002 3·8 2·3 23·2 0·0002
Tea and coffee 723·7 450·0 994·0 534·1 407·4 689·2 <0·0001 730·2 492·4 922·8 0·44 754·4 511·1 1040·9 653·2 502·7 784·6 <0·0001 759·1 558·4 999·1 0·54
Soft drinks 0·0 0·0 31·3 12·4 1·9 52·6 <0·0001 10·9 2·6 73·4 <0·0001 0·0 0·0 30·1 14·7 2·2 47·0 <0·0001 10·4 2·9 38·8 <0·0001
Fish and shellfish 68·9 36·3 106·1 71·8 48·9 100·3 0·10 86·3 56·8 120·8 <0·0001 54·7 29·5 82·3 63·5 42·9 88·9 <0·0001 69·9 44·8 101·3 <0·0001
Meats 98·0 67·6 140·2 91·7 68·5 120·5 0·007 101·0 75·0 133·4 0·70 70·1 45·1 102·3 78·5 59·6 99·5 0·003 78·1 55·2 104·6 0·002
Eggs 41·6 26·6 58·8 34·6 23·7 48·3 0·0001 39·7 26·4 53·2 0·10 34·9 18·9 47·0 30·4 21·5 41·6 0·29 32·2 22·6 44·2 0·67
Dairy products 60·6 18·2 145·0 65·1 27·9 144·2 0·06 72·9 31·3 144·5 0·0002 85·5 41·5 160·3 102·2 54·8 154·3 0·0005 87·1 54·8 158·0 0·004

P25, 25th percentile; P75, 75th percentile.
†Food group intake estimated using the DCD for 128 kinds of dishes developed from 16 d dietary records in 126 men and 126 women.
‡Food group intake estimated from each food using the Standard Table of Food Composition in Japan(36).
§Food group intake estimated using the weight of each dish in the DCD.
║Estimated food group intake calculated by adjusting weight of a food group of a dish in the DCD by reported portion size of the dish in the dietary records. The calculation method was as follows: estimated food group intake from a dish adjusted
by reported portion size = weight of a food group in the dish in the DCD (g) × reported portion size of the dish in the dietary records (g)/standard portion size of the dish in the DCD (g).
¶The difference compared with values derived from the FCD was tested using the Wilcoxon signed-rank test.
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between the DCD and the FCD was similar between stan-
dard PS and reported PS in both sexes, ranging from seven-
teen to twenty (65–77 %). More than half of these values
were considered overestimation rather than underestima-
tion. In men, food group intakes were underestimated
more often using standard PS than using reported PS.
The median percentage differences in food group intakes
did not differ between standard PS and reported PS in either
sex (range: 15·3–17·2 %).

Energy and nutrient intakes estimated by the FCD and
major codes of the DCD are shown in Table 3. Energy intake
was overestimated by theDCDbutwas underestimated only
when the standard PS was used for men. Regarding median
intakes of forty-two nutrients estimated using standard PS of
the DCD, the number of nutrients that differed significantly
between the FCD and the DCDwas twenty-eight (67%) and
twenty-one (50 %) in men and women, respectively. For
intakes estimated from reported PS, the respective numbers
were thirty-seven (88%) and thirty-five (83 %). More than
90% of the differed values were considered overestimation
when standard PS was used in women or reported PS was
used in men or women, whereas underestimation by DCD
was observedmore often (79%)when standard PSwas used
inmen. Themedian percentagedifference in nutrient intakes
(including energy) was larger in reported PS (8·0 %) than in
standard PS (6·5 %) in men (P = 0·02).

Spearman correlation coefficients for estimates of food
group intakes in the FCD v. the major codes of the DCD
are shown in Table 4. In both sexes, correlation coefficients
for standard PS were ≥0·7 for rice, noodles, bread, pulses,
fruits, pickled vegetables, alcoholic beverages, fish and shell-
fish, and dairy products, and <0·4 for animal fats, oils, and
seasoning and spices. The median correlation coefficients
between the two methods were 0·61 (range: 0·19–0·90)
and0·58 (range: 0·25–0·89) inmenandwomen, respectively.
The use of reported PS provided higher median correlation
coefficients (0·73, range: 0·23–0·97 in men; 0·72, range:
0·35–0·96 in women) than use of standard PS.

Spearman correlation coefficients for estimates of
energy and nutrient intakes in the FCD v. the major codes
of the DCD are shown in Table 5. For standard PS,
the median correlation coefficients were 0·60 (range:
0·25–0·90) and 0·53 (range: 0·15–0·74) in men and women,
respectively. For reported PS, the respective values were
0·75 (range: 0·26–0·93) and 0·74 (range: 0·19–0·90), which
were higher than the median correlation coefficients for
standard PS (P< 0·0001 for both).

Bland–Altman plots were used to assess the agreement
between the FCD and DCD with reported PS for intakes of
selected foods, energy and macronutrients. In both men
(Fig. 4) and women (online supplementary material,
Supplemental Fig. 1), there was moderate agreement at
the group level whereas agreement at the individual level
was somewhat poor.

The results for minor codes of the DCD are presented
in the online supplementary material, Supplemental

Tables 3–6. The numbers of food groups and nutrients
(including energy) that differed significantly from the
FCDwere similar to those for major codes. Themedian per-
centage differences for food group intakes did not differ
between minor codes and major codes, except when stan-
dard PS was used in women (17·2 % for minor codes,
17·1 % for major codes, P = 0·0497). The median percent-
age differences for energy and nutrient intakes were, when
reported PS was used, larger in major codes than minor
codes in men (8·0 v. 7·6 %, P = 0·03), while larger in minor
codes than major codes in women (7·8 v. 8·3 %, P = 0·02).
The median correlation coefficients for food group intakes
and those for energy and nutrient intakes were higher in
minor codes than major codes, for both standard PS and
reported PS, and in both sexes. For standard PS, themedian
correlation coefficients for food group intakes and energy
and nutrient intakes were 0·65 (range: 0·26–0·90) and 0·65
(range: 0·46–0·90) in men, respectively, and 0·67 (range:
0·28–0·90) and 0·55 (range: 0·27–0·82) in women, respec-
tively. The respective values for reported PS were 0·77
(range: 0·32–0·97) and 0·77 (range: 0·53–0·94) in men
and 0·76 (range: 0·33–0·96) and 0·76 (range: 0·43–0·90)
in women, each of which was higher than the correspond-
ing values for standard PS.

Discussion

To our knowledge, the present study is the first to develop a
DCD and assess its ability to estimate food group and
nutrient intakes using different dietary data in a reasonably
large sample of Japanese men and women. Although
median intakes of many food groups and nutrients were
significantly different between the DCD and the FCD, the
median correlation coefficients were moderate for both
food groups and nutrients. These results show that the
DCD developed in the present study had acceptable rank-
ing ability for intakes of many food groups and nutrients.

Our results are consistent with those of previous studies
showing that representative values (mean ormedian) of the
intakes of many food groups and nutrients were different
between the DCD and FCD(3,34,37,39,40). The application of
the DCD to a DR can lead to measurement error by diluting
detailed information on specific foods. This error becomes
larger if the PS or composition of each dish differs markedly
between dietary data used for the development of a DCD
and those used for assessment of applicability of the DCD.
It has been suggested that PS and dish composition vary
according to between-individual factors such as age, sex
and geographic region and also vary within the same dish
consumed by the same individual(7,40,52). In the present
study, the mean age of participants for the 16 d DR was
higher than those for the 4 d DR. Furthermore, two surveys
were conducted in different areas, seasons and years.
These differences could cause measurement error of the
DCD. We calculated food group and nutrient intakes using
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Table 3 Comparison of energy and nutrient intakes estimated based on the food composition database (FCD) and those estimated based on the dish composition database (DCD), with use of standard portion size
data or reported portion size data

Men (n 196) Women (n 196)

DCD† DCD†

FCD‡ Standard portion size§ Reported portion size║ FCD† Standard portion size§ Reported portion size║

Nutrient Unit Median P25 P75 Median P25 P75 P¶ Median P25 P75 P¶ Median P25 P75 Median P25 P75 P¶ Median P25 P75 P¶

Total energy kJ/d 9830 8563 11 068 8688 7421 9760 <0·0001 10 018 8632 11 521 <0·0001 7717 6921 8772 8165 7016 9229 0·01 8105 7095 9067 <0·0001
Protein g/d 81·7 69·2 93·3 74·3 63·2 85·3 <0·0001 87·0 72·8 98·3 <0·0001 65·6 57·0 76·0 70·8 59·1 81·7 0·0003 71·8 61·6 82·6 <0·0001
Fat g/d 67·7 57·0 83·6 62·9 53·0 73·4 <0·0001 72·2 60·2 83·3 0·03 60·3 51·6 72·0 60·8 52·2 71·8 0·96 62·7 53·6 72·6 0·11
SFA g/d 18·5 15·4 23·0 17·5 14·4 20·8 0·009 19·6 16·4 24·2 0·0008 17·9 13·8 21·2 17·9 14·7 21·1 0·59 18·1 15·1 21·3 0·02
MUFA g/d 24·56 20·0 31·23 23·26 19·00 27·77 0·002 26·18 21·70 30·63 0·002 21·59 17·49 25·79 21·86 18·63 25·76 0·60 22·29 19·18 26·18 0·03
PUFA g/d 14·71 12·0 17·77 13·85 11·27 16·24 0·005 15·82 13·29 18·14 <0·0001 12·53 9·98 14·80 13·09 10·87 15·14 0·17 13·21 11·52 15·37 0·003
n-6 PUFA g/d 12·25 9·90 14·74 11·22 9·26 13·40 0·002 12·82 10·88 14·83 0·002 10·32 8·12 12·65 10·81 9·02 12·43 0·24 10·90 9·38 12·45 0·02
n-3 PUFA g/d 2·36 1·75 3·07 2·43 1·94 3·03 0·89 2·79 2·27 3·50 <0·0001 1·90 1·44 2·46 2·18 1·81 2·77 <0·0001 2·35 1·85 2·97 <0·0001
EPA g/d 0·22 0·08 0·41 0·24 0·15 0·36 0·41 0·31 0·18 0·46 <0·0001 0·16 0·06 0·29 0·21 0·13 0·33 <0·0001 0·24 0·13 0·39 <0·0001
DHA g/d 0·40 0·20 0·72 0·43 0·28 0·63 0·63 0·55 0·33 0·77 <0·0001 0·31 0·15 0·51 0·39 0·26 0·56 <0·0001 0·43 0·25 0·66 <0·0001
α-Linolenic

acid
g/d 1·47 1·16 1·90 1·50 1·24 1·86 0·43 1·79 1·42 2·04 <0·0001 1·30 1·02 1·60 1·43 1·19 1·71 0·0001 1·48 1·23 1·70 <0·0001

Cholesterol mg/d 366 270 441 346 281 424 0·41 393 314 478 <0·0001 305 236 383 319 253 383 0·002 336 272 401 <0·0001
Carbohydrate g/d 300 263 350 269 225 301 <0·0001 319 268 358 <0·0001 251 220 285 265 229 301 <0·0001 259 226 292 <0·0001
Soluble

dietary
fibre

g/d 3·1 2·4 3·8 3·1 2·5 3·6 0·73 3·4 2·9 4·0 <0·0001 3·0 2·5 3·8 3·2 2·6 3·7 0·10 3·1 2·7 3·7 <0·0001

Insoluble
dietary
fibre

g/d 10·0 7·8 12·5 9·8 7·9 11·4 0·04 11·0 8·9 12·7 <0·0001 9·5 7·8 11·8 10·0 8·2 11·7 0·23 9·6 8·2 11·6 0·007

Total dietary
fibre

g/d 14·0 10·8 16·8 13·6 11·0 15·9 0·06 15·3 12·4 17·5 <0·0001 13·3 10·8 16·1 14·0 11·4 16·2 0·25 13·5 11·5 16·2 0·0007

Na mg/d 4399 3572 4920 4916 4121 5919 <0·0001 5628 4517 6842 <0·0001 3502 2928 4233 4672 3750 5604 <0·0001 5002 3810 5855 <0·0001
K mg/d 2650 2233 3216 2508 2106 2984 0·0003 2858 2445 3356 <0·0001 2512 2140 2877 2564 2117 2992 0·36 2633 2223 3013 <0·0001
Ca mg/d 487 379 637 475 387 609 0·18 538 437 681 <0·0001 500 390 599 520 427 609 0·052 531 440 617 <0·0001
Mg mg/d 276 231 332 267 220 311 0·001 306 258 349 <0·0001 250 216 289 267 221 307 0·01 269 228 312 <0·0001
P mg/d 1170 941 1352 1053 900 1250 <0·0001 1264 1033 1428 <0·0001 984 851 1138 1051 877 1213 0·0002 1067 914 1222 <0·0001
Fe mg/d 8·8 7·1 10·3 8·1 6·9 9·5 0·0005 9·4 8·3 10·8 <0·0001 7·6 6·4 9·3 8·3 6·7 9·6 0·16 8·3 7·0 9·7 <0·0001
Zn mg/d 9·2 7·8 10·9 8·9 7·7 10·3 0·03 10·3 8·7 11·8 <0·0001 7·4 6·4 8·6 8·6 6·9 9·8 <0·0001 8·3 7·4 9·6 <0·0001
Cu mg/d 1·28 1·05 1·54 1·20 1·02 1·39 0·0002 1·39 1·18 1·61 <0·0001 1·08 0·90 1·27 1·22 0·99 1·40 <0·0001 1·17 1·00 1·34 <0·0001
Mn mg/d 3·77 3·06 4·92 3·60 2·98 4·12 <0·0001 4·21 3·54 5·16 <0·0001 3·44 2·81 4·44 3·77 3·12 4·24 0·54 3·77 3·14 4·58 0·003
Retinol μg/d 158 116 216 366 249 553 <0·0001 398 269 592 <0·0001 157 116 203 319 215 509 <0·0001 311 217 532 <0·0001
α-Carotene μg/d 484 280 802 442 355 622 0·04 503 394 663 0·68 440 267 668 472 367 588 0·60 461 367 547 0·78
β-Carotene μg/d 2986 1786 4481 2891 2300 3687 0·77 3324 2505 3889 0·06 2906 1917 4123 3009 2393 3633 0·73 2979 2389 3711 0·61
Cryptoxanthin μg/d 61 33 204 134 43 294 0·02 119 47 240 0·10 76 36 345 198 72 322 0·07 151 71 305 0·39
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Table 3 Continued

Men (n 196) Women (n 196)

DCD† DCD†

FCD‡ Standard portion size§ Reported portion size║ FCD† Standard portion size§ Reported portion size║

Nutrient Unit Median P25 P75 Median P25 P75 P¶ Median P25 P75 P¶ Median P25 P75 Median P25 P75 P¶ Median P25 P75 P¶

β-Carotene
equivalent

μg/d 3525 2093 4987 3295 2633 4178 0·56 3759 2867 4407 0·14 3334 2204 4536 3423 2713 4115 0·75 3414 2719 4103 0·84

Vitamin A
(retinol
equivalent)

μg/d 472 352 649 678 513 854 <0·0001 713 564 961 <0·0001 448 358 565 625 493 835 <0·0001 622 478 850 <0·0001

Vitamin D μg/d 6·6 3·5 12·0 6·8 4·8 9·6 0·52 8·8 5·8 11·4 0·0004 5·5 3·0 9·2 6·5 4·6 8·7 0·06 6·9 4·7 9·9 0·0001
α-Tocopherol mg/d 7·5 6·1 9·1 7·6 6·3 9·0 0·75 8·4 7·2 10·1 <0·0001 7·0 5·4 8·6 7·5 6·4 8·5 0·01 7·5 6·5 8·8 <0·0001
Vitamin K μg/d 224 152 301 216 170 265 0·19 235 186 296 0·004 214 160 311 208 160 283 0·053 205 165 292 0·44
Thiamin mg/d 1·09 0·88 1·31 0·99 0·84 1·13 <0·0001 1·08 0·96 1·33 0·03 0·86 0·72 1·07 0·93 0·80 1·10 0·04 0·96 0·79 1·11 <0·0001
Riboflavin mg/d 1·39 1·10 1·69 1·27 1·06 1·49 <0·0001 1·47 1·23 1·76 <0·0001 1·25 1·03 1·54 1·29 1·07 1·50 0·99 1·35 1·11 1·59 <0·0001
Niacin mg/d 20·6 16·8 25·0 18·4 15·4 22·2 <0·0001 22·2 18·3 25·8 <0·0001 17·0 14·0 19·9 17·0 14·1 20·3 0·10 18·1 15·5 20·7 <0·0001
Vitamin B6 mg/d 1·39 1·06 1·72 1·29 1·10 1·55 0·052 1·48 1·28 1·74 <0·0001 1·15 0·96 1·37 1·23 1·02 1·46 0·006 1·24 1·05 1·45 <0·0001
Vitamin B12 μg/d 6·1 3·7 9·3 7·7 5·6 9·6 <0·0001 9·3 6·6 11·0 <0·0001 4·2 2·8 7·7 6·6 5·1 8·8 <0·0001 7·2 5·6 9·4 <0·0001
Folate μg/d 352 256 471 337 276 399 0·007 381 320 446 0·0001 346 271 429 339 282 396 0·14 352 286 414 0·33
Pantothenic

acid
mg/d 6·52 5·46 7·94 6·12 5·16 7·17 <0·0001 6·98 5·94 8·09 <0·0001 5·69 4·65 6·70 6·17 4·86 6·99 0·002 5·97 5·05 7·01 <0·0001

Vitamin C mg/d 102 72 144 94 72 118 <0·0001 102 80 129 0·43 109 80 143 99 79 116 <0·0001 97 81 123 <0·0001
Alcohol g/d 4·1 0·6 28·2 5·0 0·3 19·4 <0·0001 3·8 0·4 27·1 <0·0001 0·9 0·3 3·6 0·4 0·3 4·9 <0·0001 0·5 0·3 2·5 0·0004

P25, 25th percentile; P75, 75th percentile.
†Nutrient intake estimated using the DCD for 128 kinds of dishes developed from 16 d dietary records in 126 men and 126 women.
‡Nutrient intake estimated using the Standard Table of Food Composition in Japan(36).
§Nutrient intake estimated using the weight of each dish in the DCD.
║Estimated nutrient intake calculated by adjusting nutrient content of a dish in the DCD by reported portion size of the dish in the dietary records. The calculation method was as follows: estimated nutrient intake from a dish adjusted by reported portion size = nutrient
content of the dish in the DCD (g) × reported portion size of the dish in the dietary records (g)/standard portion size of the dish in the DCD (g).
¶The difference compared with values derived from the FCD was tested using the Wilcoxon signed-rank test.
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reported PS of the 4 d DR to examine whether the use of
reported PS improves the ability of the DCD to estimate
dietary intakes. However, this did not reduce either the
number of the food groups and nutrients in which median
intakeswere different between theDCD and the FCDor the
median percentage difference. This suggests that there
were differences in dish composition between the 16 d
and 4 d DR, which would be a major factor affecting the
performance of the DCD. In addition, the process of apply-
ing dish codes of the DCD to each dish can be problematic.
Dish codes were assigned on the basis of dish names
recorded in the DR. Hence, if an inaccurate dish name
was written in the DR, an incorrect dish code was assigned
and dietary intake from the dish was incorrectly estimated.

Food group and nutrient intakes were often underesti-
mated when standard PS was used in men. Because the
DCD was developed for men and women combined,

standard PS reflects the PS for both men and women.
This may result in underestimation of food group and
nutrient intakes in men because women generally eat
smaller amounts of food than men. Nevertheless, we did
not separate men and women during development of

Table 4 Spearman correlation coefficients between food group
intakes estimated based on the food composition database and
those estimated based on the dish composition database (DCD)†,
with use of standard portion size data or reported portion size data

Men (n 196) Women (n 196)

Food group (g/d)

Standard
portion
size‡

Reported
portion
size§

Standard
portion
size‡

Reported
portion
size§

Rice 0·74 0·97 0·76 0·95
Noodles 0·89 0·90 0·89 0·92
Bread 0·86 0·94 0·86 0·92
Other grain
products

0·40 0·44 0·42 0·46

Nuts 0·46 0·41 0·27 0·40
Pulses 0·76 0·80 0·72 0·74
Potatoes 0·63 0·71 0·63 0·70
Sugar 0·36 0·39 0·44 0·49
Confectioneries 0·81 0·87 0·68 0·76
Animal fats 0·19 0·23 0·37 0·35
Oils 0·36 0·51 0·25 0·42
Fruits 0·90 0·91 0·89 0·96
Green and yellow
vegetables

0·51 0·70 0·49 0·71

Other vegetables 0·48 0·76 0·38 0·74
Pickled vegetables 0·74 0·77 0·72 0·73
Mushrooms 0·38 0·48 0·49 0·56
Seaweeds 0·44 0·43 0·49 0·50
Fruit and vegetable
juice

0·62 0·63 0·56 0·62

Seasonings and
spices

0·30 0·33 0·27 0·35

Alcoholic beverages 0·90 0·92 0·71 0·74
Tea and coffee 0·58 0·76 0·60 0·76
Soft drinks 0·56 0·54 0·57 0·53
Fish and shellfish 0·75 0·83 0·72 0·82
Meats 0·61 0·77 0·53 0·70
Eggs 0·61 0·67 0·69 0·73
Dairy products 0·83 0·87 0·75 0·84

†DCD for 128 kinds of dishes developed from 16 d dietary records in 126 men and
126 women.
‡Food group intake estimated using the weight of each dish in the DCD.
§Estimated food group intake calculated by adjusting weight of a food group of a dish
in the DCD by reported portion size of the dish in the dietary records. The calculation
methodwas as follows: estimated food group intake from a dish adjusted by reported
portion size = weight of a food group in the dish in the DCD (g)× reported portion size
of the dish in the dietary records (g)/standard portion size of the dish in the DCD (g).

Table 5 Spearman correlation coefficients between energy and
nutrient intakes estimated based on the food composition
database and those estimated based on the dish composition
database (DCD)†, with use of standard portion size data or
reported portion size data

Men (n 196) Women (n 196)

Standard
portion
size‡

Reported
portion
size§

Standard
portion
size‡

Reported
portion
size§

Total energy 0·63 0·93 0·52 0·88
Protein 0·65 0·87 0·53 0·79
Fat 0·57 0·77 0·36 0·69
SFA 0·55 0·72 0·43 0·70
MUFA 0·54 0·73 0·35 0·65
PUFA 0·49 0·68 0·30 0·63
n-6 PUFA 0·48 0·68 0·32 0·63
n-3 PUFA 0·57 0·71 0·57 0·70
EPA 0·69 0·77 0·72 0·74
DHA 0·69 0·76 0·69 0·74
α-Linolenic acid 0·48 0·61 0·38 0·60
Cholesterol 0·61 0·75 0·56 0·68
Carbohydrate 0·66 0·93 0·60 0·89
Soluble dietary fibre 0·66 0·87 0·62 0·85
Insoluble dietary
fibre

0·65 0·90 0·59 0·88

Total dietary fibre 0·67 0·89 0·61 0·90
Na 0·46 0·53 0·46 0·63
K 0·69 0·89 0·55 0·88
Ca 0·69 0·84 0·61 0·82
Mg 0·68 0·89 0·57 0·86
P 0·68 0·89 0·58 0·83
Fe 0·59 0·80 0·59 0·80
Zn 0·63 0·85 0·50 0·74
Cu 0·66 0·91 0·62 0·86
Mn 0·65 0·72 0·57 0·68
Retinol 0·25 0·26 0·15 0·19
α-Carotene 0·45 0·56 0·40 0·59
β-Carotene 0·59 0·74 0·44 0·68
Cryptoxanthin 0·63 0·68 0·67 0·74
β-Carotene
equivalent

0·59 0·75 0·44 0·69

Vitamin A (retinol
equivalent)

0·37 0·48 0·29 0·42

Vitamin D 0·67 0·68 0·64 0·68
α-Tocopherol 0·59 0·77 0·43 0·71
Vitamin K 0·67 0·81 0·63 0·79
Thiamin 0·41 0·67 0·39 0·69
Riboflavin 0·58 0·73 0·51 0·66
Niacin 0·57 0·73 0·42 0·68
Vitamin B6 0·55 0·75 0·43 0·77
Vitamin B12 0·60 0·70 0·53 0·59
Folate 0·55 0·72 0·53 0·77
Pantothenic acid 0·60 0·84 0·57 0·81
Vitamin C 0·64 0·78 0·59 0·74
Alcohol 0·90 0·93 0·74 0·77

†DCD for 128 kinds of dishes developed from 16 d dietary records in 126 men and
126 women.
‡Nutrient intake estimated using the weight of each dish in the DCD.
§Estimated nutrient intake calculated by adjusting nutrient content of a dish in the
DCD by reported portion size in the dietary records. The calculation method was as
follows: estimated nutrient intake from a dish adjusted by reported portion size =
nutrient content of the dish in the DCD (g) × reported portion size of the dish in the
dietary records (g)/standard portion size of the dish in the DCD (g).
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the DCD, based on the fact that the reliability of dietary
intake estimation using the DCD would be higher with a
greater number of different types of dishes constituting the
DCD(34). Additionally, to our knowledge, there has been no
DCD developed for men andwomen separately. However,
sex differences should be taken into consideration when
interpreting food group and nutrient intakes estimated
using the DCD.

Despite poor agreement at individual level, the DCD
showed acceptable ranking ability for food groups, energy
and nutrients. The median correlation coefficients with the
FCD for food groups, energy and nutrients were within the
ranges reported in previous studies (0·54–0·92 for
food groups(34,35,37,39,40) and 0·50–0·81 for energy and
nutrients(3,34,35,37,39,40)). The correlation coefficient was
relatively high (≥0·7) for food groups generally eaten in
large portions such as staple foods (rice, noodles, bread),
those eaten as main ingredients in Japan (pulses, fish
and shellfish), or those eaten as a single food (fruits, pickled
vegetables, alcoholic beverages and dairy products).
Meanwhile, the correlation coefficient was low (<0·4) for
food groups consumed in small portions or that are ‘inte-
grated’within a dish such as animal fats, oils, and seasoning
and spices. These food groups with high correlation or
with low correlation are similar to those in previous stud-
ies(34,35,37,39,40). It has also been reported that foods used
in relatively large amounts in a dish were likely to be
reflected in the dish name and had high correlation(34).
In addition, it has also been suggested that between-indi-
vidual variation in intake is large for foods or beverages
such as yoghurt, fruits, natto (fermented soyabeans), and
tea and coffee(7). On the other hand, between-individual
variation has been reported to be small for animal fats, oils,
and seasoning and spices(7), which can lead to low corre-
lation coefficients. Nutrients with correlation coefficients of
about 0·7 or above for both sexes in the present study had
high correlation coefficients for those food sources; for
example, EPA and DHA for fish, and alcohol for alcoholic
beverages.

We compared the results on reported PS and standard
PS, and major codes and minor codes. As mentioned
above, the use of reported PS did not improve the estima-
tion ability of median intake of the DCD; however, the cor-
relation coefficients were improved between the DCD and
FCD for both food groups and nutrients. This indicates that
if the PS of dishes is reported by participants in addition to a
dish name, the DCD can rank individuals more accurately
with respect to food group and nutrient intakes. When
comparing major codes and minor codes, there was no
great difference in estimation of median intakes of food
groups, energy and nutrients, indicating that the level of
aggregation of dishes in the present study did not pro-
foundly affect the ability of the DCD to estimate median
intakes. However, compared with major codes, minor
codes ranked food group and nutrient intakes well,
suggesting that detailed classification of dishes in the

DCD may be effective to improve the ranking ability of
the DCD. Nevertheless, the difference in correlation
coefficients between minor codes and major codes was
small. Given that the benefits of dish-based dietary assess-
ment methods include reducing the burden on participants
and staff involved in dietary surveys(8,34,35,40), the use of
minor codes may not always be required.

Several limitations of the present study should be
acknowledged. First, the comparison of the DCD and the
FCD is not exactly an appropriate evaluation of the validity
of the DCD because estimation using the DCD and the FCD
were conducted based on the same DR. Although this
method would minimize errors regarding inaccurate
recording and selection of dishes, the concordance
between the intakes estimated by the DCD and by the
FCD is likely overestimated. Ideally, the validity of the
DCD should be assessed by comparison of results of a
dish-based dietary assessment with values estimated from
objective measures of dietary intake (e.g. biomarkers or
duplicated methods). However, since these methods are
expensive and few validation studies of DCD have been
previously conducted, we conducted the present study
as the initial step towards development of a dish-based
dietary assessment method in Japanese people. Despite
the limitation of study design, the estimated intakes of
the DCD were moderately correlated with those of the
FCD, thus the DCD may be useful in the practical assess-
ment of food group and nutrient intakes. Nevertheless, a
stricter evaluation of validity is required to examine the
ability of the DCD to estimate dietary intake in the future.
Second, the dietary survey for developing DCD was
conducted in four seasons, whereas that for simulated
validation was conducted in one season. Although the
DCD developed reflecting seasonal variation in dietary
habits(41–43) is a strength of the current study, the difference
in seasons between two dietary surveys might affect the
results of validation. Hence, the validation of the DCD in
other seasons should be confirmed in future studies.
Third, the 16 d DR was obtained from cohabiting couples
(with the percentage of single foods eaten at home:
77 %), which might reduce between-individual variation
of dishes. However, the number of dishes used for devel-
opment of the DCD in the present study (71 213) was
larger than those in previous studies (4814(34), 10 533(35),
42 508(38) and 67 532(37)). Fourth, the participants were
not randomly selected and thus may not be representative
of the general Japanese population. Participants were vol-
unteers who were considered to be more health conscious
than the general population. Nevertheless, the weight
and height of our participants were similar to those of
the general population in Japan(53). Finally, dish classifica-
tion can be subjective, as no standardized protocol
has been available. Subjectivity also exists in how partici-
pants named each dish. Furthermore, beyond the scope
of the study, we did not examine whether the performance
of the DCD is dependent on individual characteristics such
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as education, age and obesity (because of sample size lim-
itations). Increasing sample size and evaluating the effect of
participant characteristics on dish composition should be
considered in future.

Conclusion

In conclusion, we developed a DCD and assessed its ability
to estimate food group and nutrient intakes. Whereas it is
difficult to accurately estimate dietary intake using the
DCD developed in the present study, it has acceptable
ranking ability for intakes of many food groups and
nutrients commonly consumed in Japan. The DCD may
be useful for future dietary surveys not only to rank individ-
uals, but also to characterize dietary patterns of popula-
tions, because mixed dishes represent combination of
foods and cooking methods. However, consideration
should be given to issues concerning study design and fur-
ther investigations are needed to establish a dish-based
dietary assessment method.
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